Little is known about the clinical presentation and outcomes associated with spinal implant infections. Here, we describe a single center's experience in a retrospective cohort of 109 individuals with spinal implant infections, including clinical, microbiological, therapeutic, and outcome data.
Spinal surgeries involving implants have become increasingly common in the United States over the past 20 years [1] [2] [3] . Spinal implant infection is an important complication, arising in 2%-5% of spinal interventions and associated with significant patient morbidity [4] [5] [6] . Insufficient guidance is available for the management of spinal implant infections. This is largely due to the limited data regarding the clinical presentation, natural history, microbiology, and outcomes of individuals with this complication. Understanding the clinical manifestations and microbiologic features of these infections may provide opportunities to improve the management of spinal implant infections. In this study, we describe the clinical characteristics and outcomes of patients with spinal implant infections in a single tertiary referral medical center.
METHODS

Study Population
This was a single-center, retrospective descriptive cohort at the University of California San Francisco (UCSF). Individuals were included if they had spinal surgery performed at UCSF, had a spinal implant, and if they met the National Healthcare Safety Network definition of surgical site infection between January 2009 through July 2013 [7] .
Measurements and Definitions
Demographic, clinical, microbiologic, treatment, and outcome data were collected from the electronic medical record. Individuals were only included once (a second infection during the study period was considered to be a recurrence). Since July 2010, treatment has been determined using a standardized protocol (SOP), developed to provide guidance on antibiotic selection and duration, including oral suppressive therapy. Prior to 2010, participants were managed per provider discretion. Early and late-onset spinal implant infections were defined as those occurring more than 30 days or 30 days or longer after the implant was placed, respectively.
Outcomes
Participant vital status was determined by manual chart review, search of public internet-based death records, search of the National Center for Health Statistics national death index (through 2012), and search of the Social Security Administration death master file (through 2013). Need for repeat surgery was defined as spinal surgery performed at the affected vertebral levels during the study period for any reason ( planned or unplanned). Recurrence of infection was defined as any infection (by any organism) at the affected vertebral levels during the study period. All outcomes were considered through 365 days.
Statistical Analysis
Univariate analyses were performed using Fisher exact test for categorical data and t tests for continuous data to compare variables. With respect to outcomes, Cox proportional hazards models were used, and tied survival times were addressed using the Efron method [8] . All statistical procedures were conducted using R version 3.2.2 (Vienna, Austria). The UCSF Committee for Human Research approved this study.
RESULTS
Clinical Features
A total of 109 individuals with spinal implant infection were identified during the study period. Full clinical data are summarized in Table 1 . The mean age was 56 years, 48/109 (44%) were immunocompromised, and 58/109 (53%) had a history of prior spinal surgery. At presentation, inflammatory markers were elevated with mean C-reactive protein (CRP) significantly higher among those with early vs late-onset infection (P < .001). The mean white blood cell count (WBC) was in the normal range. Ninety-six (88%) patients received inpatient infectious diseases (ID) consultation.
Microbiology
The most common cause of monomicrobial infection was Staphylococcus aureus, accounting for 32% of infections. Monomicrobial infection due to gram-negative organisms was seen in only 4 (4%) cases. Forty-six infections (42%) were polymicrobial, and 21 of these (46%) contained at least 1 gram-negative organism. Fifteen (13%) individuals had positive blood cultures, of which 53% were due to S. aureus (37% of these were methicillin resistant [MRSA] ). Other organisms isolated from blood culture included Corynebacterium spp. (n = 1), Staphylococcus epidermidis (n = 1), Escherichia coli (n = 1), Pseudomonas aeruginosa (n = 1), Enterococcus spp. (n = 1), and polymicrobial (n = 2). There were no significant differences in microbiology between early vs late-onset infections (P = .20). 
Treatment and Outcomes
Tailoring of antibiotic regimens was based on an SOP. Overall, the mean duration of intravenous antibiotics was 33.1 days. This duration did not significantly differ by organism or SOP use. The mean duration of oral antibiotic treatment was not calculated given that 24 individuals (22%) remained on indefinite antibiotic suppression. Rifampin was used in 53 (49%) infections in total; in most Staphylococcal infections (26/44) and polymicrobial infections (24/46, all of which contained at least 1 Staphylococcal species); and in 1 case each of a culture-negative, Enterococcus species and Corynebacterium species infections. With respect to recurrence, 6/9 (67%) were due to monomicrobial gram-positive organisms and none were due to monomicrobial gram-negative organisms. In the setting of repeat surgery, 11/22 (50%) of the individuals had monomicrobial gram-positive organisms (7/11, or 64%, were due to methicillin-sensitive S. aureus [MSSA] ) and 1 (4.5%) had a monomicrobial gram-negative organism. Finally, 14/28 (50%) individuals who experienced 1 of the 3 outcomes had a monomicrobial gram-positive infection. Of these, 9/14 (64%) were due to MSSA. ID consultation resulted in more rifampin use (P = .002) and longer duration of intravenous (IV) antibiotic therapy (P < .001, mean duration of IV therapy for ID consult vs none was 36.6 vs 7.6 days, respectively). Twenty-two individuals required repeat surgery, 9 had recurrence of infection (all also had repeat surgery), 5 died, and 28 had at least 1 of these outcomes. Given the exploratory nature of this study, several variables were considered to better understand possible determinants of outcomes in spinal implant infections. There were no statistically significant differences in univariate Cox regressions for recurrence of infection, need for repeat surgery, 1-year all-cause mortality, or a composite of these outcomes by use vs no use of the SOP (hazard ratio [HR] 0, P = 1; HR 1.32, P = .56; HR 0 P = 1; HR 0.96, P = .92, respectively), for early vs late-onset infections (HR 2.18, P = .25; HR 1.04, P = .93; HR 1.87, P = .50; HR 1.12, P = .79, respectively), rifampin use (HR 0.52, P = .36; HR 0.88, P = .76; HR 0.26, P = .23; HR 0.79, P = .53, respectively), infection depth (HR 0.94, P = .89; HR 1.48, P = .28; HR 4.33, P = .24; HR 1.72, P = .12, respectively), antibiotic suppression (HR 0.88, P = .87; HR 0.51, P = .28; HR 2.20, P = .39; HR 0.70, P = .48, respectively), or implant removal (HR 4.32, P = .05; HR 1.73, P = .99; HR 1.90, P = .57; HR 1.69, P = .29, respectively).
DISCUSSION
Indications for spinal surgeries are increasing as technology advances and the population ages. An understanding of the clinical characteristics of spinal implant infections and their relationship to outcomes is important to inform the development of infection prevention and diagnostic and management strategies. In this large retrospective cohort of patients with spinal implant infections, we identified several important features.
These patients are medically complex; half of them were immunocompromised and more than half had a history of prior spinal surgery. While Staphylococcal species were the predominant organisms in monomicrobial infections, in contrast to prior studies, most patients had polymicrobial infections [4, 5, 9, 10] . This finding may be attributable to the volume of lumbosacral surgical interventions performed at this institution [11] . Spinal implant infections are associated with significant morbidity, with 25% of our patients experiencing at least 1 of the following: recurrent infection, need for repeat surgery, or death. Infection timing, rifampin use, infection depth, indefinite antibiotic suppression, and removal of implant did not influence these outcomes. A notable exception to this is the increased risk of recurrence associated with implant removal, but this likely temporally reflects removal of the hardware due to recurrence as opposed to recurrence due to failure to remove the hardware.
This study also highlights some of the challenges associated with diagnosis and management of spinal implant infection. Less than half of the patients presented with back pain, a minority had positive blood cultures, and most presented with a normal WBC count. Although the CRP was elevated on average, there was significant variability likely reflecting heterogeneity of both the patient population and the test itself. The erythrocyte sedimentation rate was less variable at the time of diagnosis but lacks specificity. Our findings are consistent with previously published data that raise concerns over the usefulness of inflammatory markers in diagnosing spinal implant infections given poor specificity [5, 12] . Implant removal and exchange was uncommon, necessitating prolonged courses of antibiotic therapy, and about 20% of patients were maintained on indefinite suppressive antibiotics.
A major strength of this study is the size of the cohort. In the setting of such a rare complication, this study adds to the published experience in the clinical presentation and management of such infections. The study included several different outcomes of clinical interest among highly medically complex patients who are increasingly undergoing advanced medical procedures. Finally, great care was taken to determine the outcomes for each participant, particularly with respect to the allcause mortality.
There are also notable limitations. This study was performed in a single center that serves as a tertiary referral site for complex spinal cases, often for individuals with a prior history of surgery. Thus, these findings may not be universally generalizable. Among those who died, the issue of competing risks (eg, the inability to develop treatment failure or need for repeat surgery) is an important limitation. However, the number of patients who died was low (5/109) as were the proportions for the other outcomes. In order to address this to some degree, the composite result was used to capture more outcomes of interest. Complete individual-level antibiotic treatment data were not available.
In summary, despite limitations, this is a large study that contributes to the existing literature on the clinical presentation and outcomes of individuals presenting with spinal implant infection. These data support the need to establish multicenter interdisciplinary prospective collaborations to further investigate outcomes, risk factors, and strategies for prevention, diagnosis, and management of spinal implant infections.
